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 In recent years, ceramic shell mould for investment casting process is often associated to 
defects due to its brittle properties. The defects would originate from cracking mechanism yielded 
from the ceramic brittleness. In this work, the improvement of ceramic shell mould by 
reinforcement technique was studied and analyzed. Rice husk consisting high percentage of silica 
content with the ability to withstand high temperature during casting process was studied as the 
reinforcing component as to impede cracking mechanism. Higher Modulus of Rupture (MOR) 
value of ceramic shell reinforced by rice husk fiber as compared to the non-reinforced ceramic shell 
MOR value was obtained. Nonetheless, presence of the fused silica phase from rice husk fiber was 
also found to lead the formation of a new phase of zircon (ZrSiO4). These two factors were found to 
influence the ceramic shell composition and indirectly enhanced the ceramic shell strength 
performance. 
	


The ceramic shell mould manufacturing process involves repeated dipping process of a wax pattern 
into ceramic slurry and then stuccoing the slurry layer with stucco material, followed by drying of 
slurry layers system. This process is completed by sintering the layers as to produce a densified 
shell mould of desired wall thickness on the pattern [1]. Basically, the stages ranged from green 
body forming  from loose particles to the thermal consolidation (drying and sintering) stage [2-
4]. At early stage of shell mould fabrication, brittleness of green ceramic shell body has to be 
reduced so that it can sustain load after the onset of fracture and also avoid catastrophic crack 
propagation. By embedding the fiber into ceramic structure, this can reduce direct loading  to the 
matrix and  increase the strength of unfired body. As for example, in the previous study by Hilmas 
et al., prove that highly toughened SiC-graphite laminated ceramics can increase flexural strength 
[5]. Even ceramic fiber reinforced of ceramic matrix composites were the first practical example of 
non-brittle ceramics, but their application sometimes are limited due to high cost. Therefore, 
composites with similar behavior but reinforced with agricultural resource such as rice husk (that is 
abundantly available) and offer a much better fabrication process. In fact, most rice husk ash 
contains 90-97% of silica and has shown great potential to be used as reinforcing filler in many 
natural rubber products where it can increase the mechanical properties [6].  Another example, the 
application of rice husk ash in concretes has showed that positive effect on the compressive strength 
of concretes [7]. In the present work, rice husk fiber were treated using aqueous sodium hydroxide 
(NaOH) solutions prior to the mixing in reinforcement stage. Previous research by Mohanty et al. 
on the composite reinforced with treated natural fiber had stressed that this procedure can 
significantly improve the mechanical properties of the composite system [8, 9]. 
 Even this embedded green body is strong enough to be handled and fabricated during early 
stage of mould formation but this component is still need to be fired to diffuse and stack the loose 
particles so that a hard and strong body can be formed. Basically, the strength of the fired shell 
mould  is strongly influence by firing time and temperature, refractoriness of the bonded particles, 
sodium content of the binder sol and gellation concentration of the binder sol [10]. Sintering is a 
process of utilizing heat to consolidate powdered substances into solids without actually melting the 
material and it is the most common technique for ceramic structure consolidation [11]. Basically at 
this stage, the particles are coalesced (including grain and pore growth) by solid state diffusion. At 
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 the same time, grain growth and densification occurs simultaneously [2]. The diffusion process that 
occurs during sintering will lead to the interaction between pores and grain boundaries. This finally 
leads to the movement of grain growth, development of dense grain structure and formation of 
bonds. The removal of the pores between the starting particles is essential and promotes strong 
mutual bonding due to their growth [2, 11]. Hence, this will increase the strength of the sintered 
powder due to the bonding and growth of necks between the particles. However, improper drying 
and firing could lead to cracking or failure problem to ceramic component that theoretically 
inherited brittle properties. Therefore, fired shell strength is very important in order to determine the 
ability of shell mould to sustain loading during pouring process. Many conventional shell moulds 
do not exhibit sufficient strength at high casting temperatures. Therefore, the moulds are susceptible 
to bulge and crack when filled with the molten metal which results to failure of the mould [12]. The 
failure in producing the ceramic shell mould leads to defects in cast component and further increase 
the cost of raw material and the production time. Thus, mould strengthening is crucial in order to 
avoid failure of the cast component [10] and especially the mould itself.  Mixed or incorporated 
with glassy phase or components could enhance the brittle structure of ceramic or shell mould as 
demonstrated by several studies previously [7, 10, 13-15]. 
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    . Rice husk powder was prepared by chemical and thermal 
treatment followed the preparation of shell mould reinforced with rice husk. A method of making 
ceramic shell mould system was repeated coating mixture of slurry composition with addition of 
rice husk fiber and rice husk ash. Black ash containing silica and significant amount of impurities 
are the product obtained from rice husk firing. It has been reported that the purity of silica is highly 
affected by chemical treatment [16-17] rather than thermal treatment [18]. Therefore in this work, 
the rice husk was chemically treated as to produce silica with high purity. The chemical treatment 
of rice husk was performed by immersion of rice husk in 5 % NaOH solution for 24 hours. Then, 
the rice husk was thoroughly washed by distilled water several times as  to remove the chemical 
solution. After that, the rinsed rice husk is dried at 80 ºC for 12 hours. Prior to use, the rice husk 
was sieved to produce 4 mm length of particle size. In order to fabricate the shell mould reinforced 
with rice husk ash, the rice husk was burnt at 600 ºC for 4 hours to obtain the white ash. The 
strength of reinforced ceramic body was measured using Modulus of Rupture (MOR) testing 
procedure in accordance to BS 1902. Three point bending test was done by a SHIMADZU 
Universal Testing Machine (Model AG-1). The samples were prepared utilizing a wax pattern with 
dimensions of 80 mm x 20 mm. After dewaxing, the samples were fired for 2 hours at 1000 ºC at 
the heating rate of 2 ºC /min. 
 
 XRD analysis was carried out to identify any phase changes in the ceramic shell 
mould body after sintering process. Shell material samples in form of pellet fired body are analyze 
using X-Ray Diffractometer (Model Bruker D8, Germany) from Braggs angle (2θ) of 10º to 90º. 
These ceramic shell samples are presented by; (a) ceramic shell mould without fiber (SMWF), (b) 
ceramic shell mould with untreated rice husks fiber (SMRHU), (c) ceramic shell mould with treated 
rice husk fiber (SMRHT), (d) ceramic shell mould with rice husk ash (SMRHA) and (e) ceramic 
shell mould with 50% rice husk ash (SMRHA-2) as shown in Fig. 1.  

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
 XRD patterns of the fired ceramic shell mould were compared as shown in Fig. 
1.The comparison of the peaks from the plot (a) to (d) shows no change on the XRD patterns. 
Whereas, the addition of 50% RHA shows an obvious difference on the XRD patterns in the 2θ 
ranging from 50° to 60°. Addition of 50% RHA to the fired ceramic shell mould displayed the 
emergence of new peaks in the XRD pattern. This possibly due to the significant amount of silica 
(SiO2) that caused to the formation of zircon (ZrSiO4) in the fired shell mould. The existence of 
synthetic Zirkonia (ZrO2) in the shell mould slurry composition lead to the formation new 
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 compound ZrSiO4 when reacted with SiO2. Indeed, this indicates that the fused silica originated 
from rice husk has lead to the new phase transformation of ZrSiO4 in the reinforced ceramic shell 
mould (with 50% rice husk ash (plot (e)). The existence of the ZrSiO4 phase in the fired ceramic 
shell mould are due to the formation of amorphous fused silica after firing rice husk at low 
temperature (below 1000 ºC) in air. In fact, the amorphous fused silica also was proved  can 
combine and  harden the brittle ceramic structure [7, 19]. Although similar results were obtained in 
works by Javed et. al, the silica were found to be in crystalline form which is stable until up to 1700 
ºC [19-20]. ZrSiO4 phase is known to have low thermal expansion coefficient and is highly resistant 
to thermal shock [21]. Thus, the combination of these two properties is beneficial to the fabricated 
shell mould as it would assists in inhibiting crack during the casting of hot molten metal to the shell 
mould [22]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 : X-Ray diffraction patterns for different shell mould composites systems 
 
 . Average MOR values and porosity percentage for the fired bodies (with 
and without reinforcement) of five samples are shown in Table 1. High values of MOR for fired 
ceramic shell samples are due to the fully densified ceramic shell mould structure, presumably due 
to the diffusion mechanism occurring during sintering as shown in Fig. 2 [2, 23]. The diffusion 
mechanism is commonly achieved  near melting temperature of that particular ceramic in order to 
ensure the diffusion of loose particles to occurs [24]. The consolidation process of ceramic body 
during the firing stage in which bonding and growth of necks in between the particles binds the 
particles strongly that would increase the strength of the sintered body [2, 4]. 
Table 1 : Strength and porosity of fired shell samples 
  !" !#"
Shell mould without fiber 3.59 16.96 
Shell mould with untreated rice husk fiber 3.78 20.06 
Shell mould with treated rice husk fiber 4.32 17.33 
Shell mould with rice husk ash  4.87 13.12 
 
 In addition, the fired ceramic shell strength is not just affected by the sintering process but also 
due to the effect of rice husk addition in ceramic shell body. This is supported by the MOR results 
showing that the reinforcement using rice husk has increased the strength of fired shell body. 
Therefore, even the pore is increased after firing, the MOR value of the fired ceramic shell mould 
with rice husk fiber (treated and untreated rice husk fiber) is not affected. The difference of fired 
MOR value between ceramic shell mould with treated rice husk fibers and untreated rice husk fibers 
(as shown in Table 1) is due to the existence of more pores in the ceramic shell with untreated rice 
(a) SMWF 
(b) SMRHU 
(c) SMRHT 
(d) SMRHA 
(e) SMRHA-2 
01-082-0512: Cristobalite, syn - SiO2 
01-071-0991: Zircon – ZrSiO4 
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 husk fibers. The burnt organic residue from un-removed lignin and other layer such as 
celulosecellulose in untreated rice husk fibers, created more pores in the fired shell mould with 
untreated rice husk fibers. Hence, the higher percentage of porosity distribution (as shown in Table 
1) directly weaken the strength of ceramic shell mould system. Indeed, as previously presented in 
XRD analysis in Fig. 1., the existence of rice husk does not only function as reinforcement but also 
consist of SiO2 which indirectly influence the overall shell mould structure composition and 
strength properties of the shell moulds 
 
 
 
 
 
 
Fig. 2 : Schematic of solid state material transport by diffusion [3, 23] 
 The formation of ZrSiO4 compound increase the strength and therefore the mould with rice husk 
ash promises the highest MOR value. Indeed, the highest MOR value indicates that the lowest 
porosity content in the shell mould of rice husk ash. This is due to the absence of burnt organic 
residue in the fired shell mould structure. Furthermore, rice husk ash particles increased the packing 
of the solid materials by filling the space in between the particles and reduce the number of large 
pores. In fact, in another work, the addition of fly ash to slurry shell mould composition was found 
to solidify the slurry into cement like substance and thus reducing the curing times [25]. Therefore, 
rice husk ash can be considered as suitable and potential material to be used as additive in the shell 
mould for the investment casting process. 
 
The presence of the rice husk has strengthen the shell mould body after firing process as proven by 
yielding higher modulus of rupture value. This condition is directly related to the reaction bonds of 
silica particles within the fired shell mould matrix structure that provide greater strength. Indeed, 
the reinforced shell mould with ash from rice husk tends to achieve the highest fired strength and 
led to the formation of new phase, zircon (ZrSiO4) which is stable at high temperature application. 
Thus, the reinforcement method using rice husk can improve current casting quality in reducing 
mould cracks of and shell defects. 
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